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(54) Abstract Title , ^ , „ . A . ri . , 

Restraint system for a motor vehicle that determines impact severity in defining inflation of an inflatable 

restraint 

(57) A restraint system 10 for a motor vehicle 12 has a 
number of sensors 18,26,28,30,32 and 36 for sensing 
vehicle conditions of restraint deployment thresholds. The 
restraint system includes an electronic controller 20 
electrically connected to the sensors for determining if one 
of the sensors 32,36 experiences sufficient deceleration. 
The system has at least one inflatable restraint 23,25 
connected to the controller 20 for deployment in a first 
stage if the deceleration warrants a first stage deployment 
and in a second stage if deceleration warrants a second 
stage deployment when the sensors 18,26,28,30,32 and 36 
sense vehicle conditions that meet the restraint 
deployment thresholds to restrain an occupant in a motor 
vehicle. 
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RESTRAINT SYSTEM 

The present invention relates to a restraint system for 
a motor vehicle. 
5 It is known to provide seats for a motor vehicle . It 

is also known to provide a restraint system such as a seat 
belt restraint to restrain an occupant in a seat of the 
motor vehicle. Typically, the belt restraint includes a 
retractor attached to the seat or vehicle structure and 

10 attached to the seat belt. The belt restraint also includes 
a latch plate attached to one end of the seat belt and a 
buckle attached by belt webbing to the seat or vehicle 
structure. The belt restraint is buckled and unbuckled by 
engagement and disengagement between the latch plate and 

15 buckle. 

It is further known to provide an inflatable restraint 
for an occupant in a motor vehicle, which is commonly 
referred to as an air bag. The air bag is stored in the 
motor vehicle in an un-inflated condition. When the motor 

20 vehicle experiences a collision-indicating condition of at 
least a predetermined threshold level, gas is directed to 
flow into the air bag from a gas-producing source. The gas 
inflates the air bag to an extended condition in which the 
air bag extends into the occupant compartment of the motor 

25 vehicle. When the air bag is inflated into the occupant 

compartment, it restrains movement of the occupant to help 
protect the occupant from forcefully striking stiffer 
elements of the motor vehicle interior as- a result of the 
collision. 

30 Although the above restraints have worked, it is 

desirable to provide a restraint system for positively 
restraining an occupant in the motor vehicle. It is also 
desirable to provide a restraint system that takes into 
account the position of the seat, weight of the occupant, 

35 and impact severity to deploy an inflatable restraint. 

Therefore, there, is a need to provide a restraint system for 
a motor vehicle that meets these desires. 
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Accordingly, the present invention is a restraint 
system for a motor vehicle. The restraint system includes a 
plurality of sensors for sensing vehicle conditions of . 
restraint deployment thresholds. The restraint system also 
5 includes an electronic controller electrically connected to 
the sensors for determining whether one of the sensors 
experiences sufficient deceleration. The restraint system 
further includes at least one inflatable restraint 
operatively connected to the electronic controller for 

10 deployment thereby in a first stage if the deceleration 

warrants a first stage deployment and in a second stage if 
the deceleration warrants a second stage deployment when the 
sensors sense vehicle conditions achieving the restraint 
deployment thresholds to restrain an occupant in a seat of 

15 the motor vehicle. 

In addition, the present invention is a method # of 
deploying an inflatable restraint of a restraint system for 
a vehicle. The method includes the step of setting 
restraint deployment thresholds based on belt status of the 

20 restraint system. The method also includes the step of 
determining whether a sensor experiences sufficient 
deceleration to warrant either a first stage deployment or a 
second stage deployment of the inflatable restraint. The 
method includes the step of verifying deceleration from a 

25 separate sensor. The method further includes the step of 
deploying a first stage of the inflatable restraint:if the 
deceleration warrants a first stage deployment and deploying 
a second stage of the inflatable restraint if the 
deceleration warrants a second stage of deployment. 

30 One advantage of the present invention is that a new 

restraint system is provided for a motor vehicle that 
positively restrains an occupant in a iseat of the motor 
vehicle. Another advantage of the present invention is that 
the restraint system takes into account the position of the 

35 seat, weight of the occupant, and severity of the impact in 
determining inflation of an inflatable restraint. Yet 
another advantage of the present invention is that the 
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restraint system determines whether the occupant is buckled 
in a seat belt restraint for determining whether to activate 
a seat belt pretensioner . 

Other features and advantages of the present invention 
5 will be readily appreciated, as the same becomes better 
understood, after reading the subsequent description taken 
in conjunction with the accompanying drawings. 

FIG. 1 is a plan diagrammatic view of a restraint 
system, according to the present invention, illustrated in 
10 operational relationship with a motor vehicle, 

FIG. 2 is a graph of vessel pressure versus time for a 
driver side inflator of the restraint system of FIG. 1. 

FIG. 3 is a graph of vessel pressure versus time for a 
passenger side inflator of the restraint system of FIG. 1. 
15 FIG. 4 is a graph of inflator stage versus seat 

position for a driver side inflator of the restraint system 
of FIG. 1. 

FIG. 5 is a graph of sensor output versus standard 
weight for a passenger side seat of the restraint system of 
20 FIG. 1. 

FIG. 6 is a graph of vehicle G's versus time for the 
restraint system of FIG. 1. 

FIG. 7 is a block diagram of an electrical system for 
the restraint system of FIG. 1. 
25 FIG. 8 is a flowchart of a method, according to the 

present invention, used with the restraint system of FIG. 1. 

FIG. 9 is a flowchart of a method, according to the 
present invention, used with the restraint system of FIG, 1. 
FIG. 10 is a table of conditions of deployment of the 
30 restraint system of FIG. 1. 

Referring to the drawings and in particular FIGS. 1 
through 7, one embodiment of a restraint system 10, 
according to the present invention, is illustrated for a 
motor vehicle, generally indicated "at 12. The restraint 
35 system 10 is used to restrain an occupant (not shown) such 
as a human in either one of a pair of seats 14 located 
within an occupant compartment 16 of the motor vehicle 12. 



The -seats 14 are for a driver side and passenger side of the 
motor vehicle 12. The restraint system 10 includes a driver 
seat position sensor 18 operatively connected to structure 
of the driver side seat 14 such as a seat track (not shown) . 
As illustrated in FIG. 4, a graph 19 is shown for activating 
the stages of an inflator 22 by an electronic controller 20 
to be described based on a position of the driver side seat 
14. It should be appreciated that the controller 20 
activates only stage 1 of the inflator 22 when the position 
of the driver side seat 14 is near a full forward position. 
It should be appreciated that the seats 14 are conventional 
and known in the art. 

The restraint system 10 includes an electronic 
controller 20 electrically connected , to the driver seat 
position sensor 18. The electronic controller 20 is 
described in detail in connection with FIG. 7. It should be 
appreciated that the electronic controller 20 is 
conventional and known in the art. 

The restraint system 10 also includes at least one, 
preferably a plurality of inflators 22 and 24, electrically 
connected to the electronic controller 20. As illustrated 
in FIG. 1, the inflator 22 is of a dual stage type for an 
inflatable restraint such as a driver side air bag 23 and 
the inflator 24 is of a dual stage type for an inflatable 
restraint such as a passenger side air bag 25. As 
illustrated in FIGS. 2 and 3, graphs 24a and 25a, ... 
respectively, are shown- for vessel pressure (psi) versus 
time (milliseconds) for two stages of the inflators 22 and 
2 4 deployed in a rigid vessel (not shown) to show the 
pressure making capacity. It should be appreciated that the 
inflators 22 and 24 produce gas mass and therefore make 
higher airbag pressures for both stages 1 and 2 than for 
stage 1 alone. It should also be appreciated that the 
inflators 22 and 24 and air bags 23 and 25 are conventional 
and known in the art. 

The restraint system 10 includes at least one, 
preferably a pair of seat buckle switches 26 and 28 of a 
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seat belt restraint (partially shown) electrically connected 
to the electronic controller 20. As illustrated in FIG . 1, 
the seat belt buckle 26 is for a driver side seat belt 
restraint buckle 27 and the seat belt buckle 28 is for a 
5 passenger side seat belt restraint buckle 29. It should be 
appreciated that the seat belt buckle switches 26 and 28 and 
seat belt restraint buckles 27 and 29 are conventional and 
known in the art. 

The restraint system 10 further includes a passenger 

10 seat weight sensor 30 connected to the passenger side seat 
14 and electrically connected to the electronic controller 
20. The weight sensor 30 senses the weight of the occupant 
in the passenger side seat 14. As illustrated in Figure 5, 
a graph 31 is shown of sensor output versus standard weight 

15 of an occupant for activating the inflator 24 by the 

controller 20. It should be appreciated that the weight 
sensor 30 is conventional and known in the art* 

The restraint system 10 includes an impact severity 
sensor 32 electrically connected to the electronic 

20 controller 20. The impact severity sensor 32 senses the 
severity of a vehicle impact by measuring vehicle 
deceleration (G's) over time for the vehicle 12. As 
illustrated in FIG. 6, a graph 33 shows vehicle deceleration 
(G's) versus time (milliseconds) for activating the stages 

25 of the inflators 22 and 24 by the electronic controller 20. 
It should be appreciated that the impact severity sensor 32 
is conventional and known in the art. It should also be 
appreciated that the impact severity sensor 32 may be 
contained within the electronic controller 20. 

30 The restraint system 10 also includes a passenger air 

bag status light 34 connected to an instrument panel (not 
shown) and electrically connected. to the electronic 
controller 20. The status light 34 is an ON/OFF light that 
indicates whether the passenger side air bag. 25 is 

35 activated. It should be appreciated that the status light 
34 is conventional and known in the art. 
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The restraint system 10 includes an electronic 
satellite sensor 36 electrically connected to the electronic 
controller 20. The electronic satellite sensor 36 is used 
to sense or verify vehicle impact. . It should be appreciated 
5 that the electronic satellite sensor 36 is used to 

discriminate in conjunction with deceleration from the 
impact severity sensor 32. It should also be appreciated 
that the electronic satellite sensor 36 is conventional and 
known in the art. 

10 The restraint system 10 further includes a driver side 

belt pretensioner 38 connected to the seat belt of the 
driver side seat belt restraint and electrically connected 
to the electronic controller 20. The restraint system 10 
includes a passenger side belt pretensioner 40 connected to 

15 the seat belt of the passenger side seat belt restraint and 
electrically connected to the electronic controller 20. The 
electronic controller 20 activates the belt pretensioners 38 
and 40 when a sufficient deceleration is sensed to warrant 
pretensioner deployment. It should be appreciated that the 

20 belt pretensioners 38 and 40 are conventional and known in 
the art. 

Referring to FIG. 7, the electronic controller 20 is 
shown. The electronic controller 20 includes a 
microprocessor 42 and memory (not shown) . The electronic 

25 controller 20 includes interface circuitry 44 and 46 for the 
sensors previously described. The electronic controller 20 
also includes input /output circuitry 4 8 and 50 for the 
output devices previously described. The electronic 
controller 20 also includes a lamp driver circuitry 52 and 

30 an energy reserve 54. The electronic controller 20 is 

powered by a source of power such as a vehicle battery 56. 
It should be appreciated that the electronic controller 20 
may include other circuitry for interfacing with other 
sensors and for providing input/output information to other 

35 devices. 

Referring to FIGS. 8 and 9, a method, according to the 
present invention, of deploying an inflatable restraint such 
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as the air bag 23,35 of the restraint system 10 is shown. 
In FIG. 8, the method is illustrated for the driver side air 
bag 23 and in FIG. 9, the method, is illustrated for the 
passenger side air bag 25. As illustrated in FIG. 8, the 
5 method starts in block 100 and sets deployment thresholds 
based on belt status of the driver side seat restraint of 
the restraint' system 10. The electronic controller 20 sets 
and stores the deployment thresholds in memory based on 
whether the seat belt buckle switch 26 is open or closed. 

10 The method advances to block 102 and determines whether the 
impact severity sensor 32 experiences sufficient 
deceleration to warrant first stage deployment of the air 
bag 23 via the inflator 22. The controller 20 determines 
whether the G's from the sensor 32 is above a predetermined 

15 threshold as illustrated in FIG. 6. If so, the method 

advances to block 104 and verifies the deceleration from a 
separate sensor such as the electronic satellite sensor 36. 
The method then advances to block 106 and deploys the first 
stage- of the driver side air bag 23 via the inflator 22. 

20 From block 100, the method advances to block 108 and 

determines whether the impact severity sensor 32 experiences 
sufficient deceleration to warrant second stage deployment 
of the air bag 23 via the inflator 22. The electronic 
controller 20 determines whether the impact severity sensor 

25 32 experiences sufficient deceleration to warrant 

deployment. If so, the method advances to block 110 and 
verifies deceleration from a separate sensor such the 
satellite sensor 36. The method then advances to block 112 
and determines whether the seat position of the driver side 

30 seat 14 is rearward of a predetermined proximity or 

deployment threshold such as a seat track position sensor 
setting. The controller 20 determines what, position the 
driver side seat 14 is relative to the seat track via the 
seat position sensor 18. If so, the method advances to 

35 block 114 and deploys the second stage of the driver side 

air bag 23 via the inflator 22. If not, the method advances 
to block 116 and inhibits deployment of the second stage , of 
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the driver side air bag 23. It should be appreciated that 
the method uses deceleration from two locations on the 
vehicle. 

Concurrently, in block 118/ the method determines 
5 whether the driver is buckled. The controller 20 determines 
whether the seat belt buckle switch 26 is open or closed, as 
previously described, for an unbuckled state and buckled 
state, respectively. If the driver is not buckled, the 
method advances to block 120 and inhibits the driver side 

10 pretensioner 38. If the driver is buckled, the method 
advances to block 122 and determines whether the impact 
severity sensor 32 experiences sufficient deceleration to 
warrant pretensioner deployment. If so, the method advances 
to block 124 and verifies deceleration from a separate 

15 sensor such as the satellite sensor 36. The method then 
advances to block 124 and deploys the driver side 
pretensioner 38. It should be appreciated that blocks 104, 
110, and 124 may be optional. 

As illustrated in FIG. 9, the method starts in block 

20 200 and sets deployment thresholds based on belt status of 
the passenger side restraint of the restraint system 10. 
The electronic controller 20 determines whether the seat 
belt buckle switch 28 is open or closed. The method 
advances to block 202 and determines whether the occupant is 

25 above a weight deployment threshold. The controller 20 
determines if the weight is above a first threshold and 
below a second threshold via the weight sensor 30. If not, 
the method advances to block 204 and inhibits deployment of 
the passenger side air bag 25. If so, the method advances 

30 to block 206 and determines whether the impact severity 
sensor 32 experiences sufficient deceleration to warrant 
first stage deployment of the air bag 25 via the inflator 
24. If so, the method advances to block 208 and verifies 
deceleratipn from a separate sensor such as the satellite 

35 sensor 36. The method then advances to block 210 and 

deploys the first stage of the passenger side air bag 25 via 
the inflator 24. 
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From block 202, the method, advances ■ to block 212 and 
determines whether the impact severity sensor 32 experiences 
sufficient deceleration to warrant second stage deployment 
of the air bag 25 via the inflator 24. If so, the method 
advances to block 214 and verifies deceleration from a 
separate sensor such as the satellite sensor 36. The method 
then advances to block 216 and deploys the second stage of 
the passenger side air bag 25 via the inflator. 24. 

The method advances to block 218 and determines whether 
the passenger seat 14 is empty. The controller 20 
determines whether the weight sensor 30 is below a first 
threshold. If so, the method advances to block 220 and 
inhibits the passenger side pretensioner 40. If so, the 
method advances to block 222 and determines whether the 
15 passenger is buckled. The controller 20 determines whether 
the seat belt buckle switch 26 is open or closed. If not, 
the method advances to block 220 previously described. If 
so, the method advances to block 224 and determines whether 
the impact severity sensor 32 experiences sufficient 
20 deceleration to warrant pretensioner deployment. If so, the 
method advances to block 226 and verifies deceleration from 
a separate sensor such as the satellite sensor 36. The 
method then advances to block 228 and deploys the passenger 
side pretensioner 40. The conditions for deployment of the 
25 pretensioners 38 and 40 and inflatable restraints 23 and 25 
based on sensor thresholds reached are indicated by an "X" 
in Table 1 illustrated in FIG. 10. It should be appreciated 
that blocks 208, 214, and 226 may be optional. 

The present invention has been described in an 
30 illustrative manner. It is to be understood that the 

terminology, which has been used, is intended to be in the 
nature of words of description rather than of limitation. 

Many modifications and variations of the present 
invention are possible in light of the above teachings. 
35 Therefore, within the scope of the appended claims, the 
present invention may be practised other than as 
specifically described. 



CLAIMS 



1. A restraint system for a motor vehicle comprising: 
a plurality of sensors for sensing vehicle conditions 

of restraint deployment thresholds; 

an electronic controller electrically connected to said 
sensors for determining whether one of said sensors 
experiences sufficient deceleration; and 

at least one inflatable restraint operatively connected 
to said electronic controller for deployment thereby in a 
first stage if the deceleration warrants a first stage 
deployment and in a second stage if the deceleration 
warrants a second stage deployment when said sensors sense 
vehicle conditions achieving the restraint deployment 
thresholds to restrain an occupant in a seat of the motor 
vehicle. 

2. A restraint system as claimed in claim 1 including 
a seat belt pretensioner electrically connected to said 
electronic controller. 

3. A restraint system as claimed in either claim 1 or 
claim 2 wherein said at least one inflatable restraint 
comprises a driver side air bag. 

4. A restraint system as claimed in any one of the 
preceding claims wherein said at least one inflatable 
restraint comprises a passenger side air bag. 

5. A restraint system as claimed in any one of the 
preceding claims including an inflator electrically 
connected to said electronic controller and operatively 
connected to said at least one inflatable restraint. 

6. A restraint system as claimed in any one of the 
preceding claims including an air bag status light for 
indicating whether the inflatable restraint is activatable. 
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7. A restraint system as claimed in any one of the 
preceding claims wherein said sensors include a seat belt 
buckle switch for sensing whether a seat belt restraint is 
5 buckled, 

8 . A restraint system as claimed in any one of the 
preceding claims wherein said sensors include a seat 
position sensor for sensing a position of a seat. 

10 

9, A restraint system as claimed in any one of the 
preceding claims wherein said sensors include an impact 
severity sensor for sensing severity of a vehicle impact. 

15 10. A restraint system as claimed in any one of the 

preceding claims wherein said sensors include a weight 
sensor for sensing weight of an occupant. 
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